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® Reverse osmosis concentration of juice products with Improved flavor. 


@ A.membrane process for producing an improved 
product quality comprising feeding a clarified serum 
at an elevated pressure to a plurality of rgy grse 
osmosis units in two stages -the first having high- 


rejection polyamide membranes and the second 
having low-rejection membranes, wherein the perme- 
ate from the low-rejection membranes is recycled to 
the high-rejection feed. 
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The UF permeate is fed to a reverse osmosis 
(RO) unit to concentrate the flavor and aroma com- 
ponents as a RO retentate. The RO retentate. free 
of most of the spoilage microorganisms which re- 
mained in the UF retentate. can be recombined 
with the inactivated UF retentate to make a storage 
stable product, for example, a 50* Brix orange 
juice product capable of storage at about -4 C for 
at least 12 months without spoiling. 

Nevertheless, it has been found that flavor and 
aroma losses still occur and the final product qual- 
ity is not so good as desired. This is now hypoth- 
esized as being due to two factors. It is felt that 
some flavor and aroma components are retained in 
the UF retentate even though the pore size (about 
20.000 to 100.000 MWCO) theoretically should al- 
low ail such components (molecular weight of 
about 30 to 155) to pass through. Additionally, it is 
felt that the product is adversely affected if the 
processing time for the UF retentate is too long 
even if the process time is at low temperatures. 

By using UF membranes sized to allow the 
flavor and aroma components to pass through as 
suggested in U.S.*902, a gel layer forms on the 
surface of the membrane reducing the effective 
pore size and resulting in retention of the smaller 
aroma and flavor components in the UF retentate. 
Also, the membranes tend to become plugged, 
panicularly at high concentrations of soluble and 
insoluble components. As the membrane becomes . 
plugged, the processing time for the UF retentate 
increases and product quality declines. By using a 
tighter UF membrane, plugging can be minimized 
but flavor and aroma components may be retained 
in the UF retentate instead of passing through into 
the UF permeate as desired. 

Furthermore, some of the flavor and aroma 
components that are fed to the food juice RO 
concentrators taught in the art pass through into 
the RO permeate which is discarded. 
• Our Patent Application EP-A-(AD-5776). filed 
on the same date as the present application and 
incorporated herein by reference, teaches an im- 
' proved process for separating a clarified serum 
permeate containing flavor and aroma components 
from a bottoms stream retentate containing spoil- 
age microorganisms. It employs a plurality of 
microfiltration/ultrafiltration stages, the first of which 
being equipped with a membrane having a pore 
size that retains spoilage microorganisms but that 
is substantially larger than the flavor and aroma 
components. Pore sizes of subsequent ultrafilters 
are decreased in size. Tne aroma and flavor com- 
ponents as well as the sugar, amino acids and the 
like in the combined UF permeate may be con- 
centrated using an RO system, and the RO reten- 
tate may be recombined with the UF retentate after 
the UF retentate is treated to inactivate spoilage 


microorganisms. 

The RO system of U.S.'902 has fuaher limita- 
tions since final concentration depends on the op- 
erating pressure needed to overcome the osmotic 
5 pressure of the concentrated juice, the viscosity of 
the concentrate and fouling caused by pectin and 
other ingredients. Thus, a juice concentrate of 
about 25' to 30 ' Brix is typically produced. By 
employing membranes operable at higher pres- 
to sures (1500 pounds per square inch gauge), a 
clarified orange juice, for example, can be con- 
centrated to about 42 Brix. 

U.S. Patent No. 3.617.550 discloses a process 
for concentrating a feed solution by forcing it 
IS through a series of high-rejection membranes, dis- 
carding or recycling the permeate and then further 
concentrating the retentate using a series of low- 
rejection membranes where the osmotic pressure 
of the retentate exceeds the working pressure of 
20 the low-rejection membranes. Preferably, the per- 
meate from the low-rejection membranes is re- 
cycled to the feed to the high-rejection mem- 
♦ branes. The process enables production of con- 
centrates having osmotic pressures of several thou- 
25 sand pounds per square inch gauge (psig), which 
is above the working pressure of the reverse osmo- 
sis membranes taught. Orange juice concentrate, 
for example, with an osmotic pressure of three to 
four thousand psig would be about 60 to 65 Brix. 

30 

Summary of invention 

An improved process has been discovered for 
35 concentrating the clarified serum containing flavor 
and aroma components of a food juice. Preferably 
the serum is from a permeate from an ultrafilter 
used to separate clarified serum permeate from 
bottom solids retentate as taught in U.S. Patent No. 
40 4.643.902 or. more preferably, from the combined 
permeates from a plurality of 
micronltration/ultrafiitration (MF/UF) stages in series 
wherein a MF/UF retentate from any stage is fed to 
the subsequent stage and MF/UF permeates from 
45 alt stages are combined as taught in. our co-pend- 
ing application (AO-5776). 

The process of this application comprises con- 
centration of the aroma and flavor components as 
well as the sugar, amino acids and the like by 
50 feecing a clarified serum at elevated pressure to a 
two-stage reverse osmosis (RO) system, the first 
stage employing high-rejection poiyamide mem- 
branes and the second stage employing low-rejec- 
tion membranes, preferably poiyamide membranes. 
S3 / The high-rejecticn stage may be comprised or 
a series of RO units in which the RO retentate :rom 
the any RO unit feeds the subseouent RO unit with 
the RO retentate of the last unit in the series 
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ter 7. 

Ultrafiiter 7 is operated in the same manner as 
microfilter 2. the primary difference being that the 
core size of porous membrane 8 is smaller than 
the pore size of porous membrane 3. Preferably, 
the pore size of porous membrane 8 has a molecu- 
lar weight cut-off (MWCO) of 20.000 to 200.000. 
The pressure is adjusted as necessary to cause a 
ctream containing small molecules to pass through 
the membrane 8 into the permeate side 10 while 
retaining larger molecules on the reteniate side 9. 
The permeate is combined with permeates from 
other MF/UF units for further processing if con- 
centration is desired. The retentate is either re- 
cycled to ultrafiiter 7 for temperature control or fed 
to a pasteurizer or other inactivation means to 
effectively inactivate spoilage microorganisms and 
other undesired components collected in the con- 
centrated retentate. 

Figure i shows the inactivation means as 
pasteurizer 12, which can be operated at about 
*62' C for about 30 minutes or. preferably, at higher 
temperatures for shorter periods (85 VC for 15 to 20 
seconds) to sufficiently inactivate the undesired 
microorganisms. The microorganisms will be suffi- 
ciently inactivated with about a 98% to 99% kul. 
Temperatures and time needed for a 100% kill, are. 
more likely to abuse the product causing a 

"burned" flavor. 

The Inactivated stream from pasteurizer 12 
should be cooled immediately after pasteurization 
in heat exchanger 13, preferably to less than 15 C. 
more preferably 8* to 10 ' C. It then may be mixed 
in mixing device 14 with the concentrated serum 
from the RO concentrating system of this invention 
to make a storage stable product that is for exam- 
pie a 50* Brix orange juice product capable of 
storage at about -4* C for at least 12 months with- 
out noticeable effect on juice quality, particularly 
upon reconstituting. 

The clarified serum, which is depicted as the 
combined UF permeate from the 
microfiltration/uitrafiltration system but may be from 
' any known source, is fed to reverse osmosis (RO) 
feed tank 15 from which it is pumped with a 
pres sure increasing means Ps to a first stage of 
RO p ermeators. depicted hy HRi. Hfl^ and HR3. 
equipped with hi gh-reiection membranes. Addition- 
al RO units may be employed if desired. 

The membranes used in these high-rejection 
RO units are membranes having a rejection of 
greater than 95%. preferably greater than 98% [as 
measured after one hour at 800 psig (5515 kPa). 
30% conversion (recovery), with a 30,000 part per 
million sodium chloride solution at 25 C]. The 
membranes preferaoiy are polyamides. more pref- 
erably aromatic polyamides. They may be the 
asymmetric type as cisclosed in U.S. Patent No. 
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3.557.632. which is incorporated herein by refer- 
ence, which are totally aromatic in character. They 
may contain alicyctic residues such as those de- 
rived from cyc!Gnexane-1.3.5-tricarbonyl chloride 
s as employed in U.S. Patents No. 4.520.044 and No. 
4.643,829. which are incorporated herein by refer- 
ence. 

The membranes further are such that they can 
be operated at the trans-membrane pressures 
10 (pressure drop across the membrane) of this inven- 
tion. Preferably, they are of hollow-fiber construc- 
tion but other geometries or means allowing trans- 
membrane pressures of this invention may be used 
(for example, membrane may be formed on a 

substrate). S"^^^'" ' 

The trans-membrane pressure ^to HR< is ele- 
vated, that is. above about lOdo psig. preferably 
i SQQ to aobb^ pSi q , more o rftfarablv 1500 psiq. The 
feed temperature preferably is less than 1S C, 
more pref erably 8 ' to 10 * C. 

The< ^enta tg>om HRi feeds HRj. the reten- 
tate from HRs feeds HRa and the retentate from 
HR3 feeds the low-rejection stage of RO units (LR. 
and LR?). The Rgure depicts an optional feed ta nk 
2s 16 and pump which can be ..sad to increase the 
orSssure tolHe low-reiection secti on if the high- 
fe iection sta9e is ru n at lower pressure. Preferably 
"' the low-rejection RO units are operated at elevated 
trans-membrane pressure, that is. above about 
30 1000 psig. preferab ly 1500 to 2 000..esig.._fnore. 
p rererab T y 2 000 psig. T he feed temperature preter- 
abiy IS " les s "than I's C. more preferably 8 to 
10' C. 

The membranes employed in the low-reiection 
35 stage miy~be of any RO membrane material 
known in the art. h..t nreferablv are the same 
material and geometr y as those used in the high- 
rejection stage. They have a lower rejection, that is 
higher salt passage as measured by the test de- 
40 scribed above, than the high-rejection membranes, 
-ne preferred limits are discussed below. Prefer- 
ably, the membranes are h ollow fibe rs but other 
geometries or means allowing trans-membrane 
cressures of this invention may be used (for exam- 
45 sie. membrane may be formed on a substrate). 

The permeate from high-rejection RO units 
HRi. HR? and HRa are combined-'tor further pro- 
•-=ssing in a preferred polishing system depicted 
Z polisher feed tank 17. pump Pr, and polisher 
30 RO units PRi and PRz- The polishers permit recov- 
ery of flavor and aroma components that may pass 
•irough' the high-rejection membranes. They may 
ce ojn as depicted, that is. with the retentate or 
3fl, feeding PRj and the retentate of PR? being 
ss , recycled to the high-rejection RO unit feed with the 
•'■ combined cermeates being discharged to waste 
water. Alternatively, the polishers may be operatea 
:n a manner that the permeate of PR' feeds PRj 
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rejection RO unit and the. permeate, primarily wa- 
ter, is discarded. 

The flO retentate leaving the final high-rejec- 
tion RO unit is fed at a trans-membrane pressure 
of 2QQQ osiQ to fwQ low-rejection RO units in series, 
the first being equipped with a membrane having a 
93% salt passage and the second being equipped 
with a membrane having a 97% salt passage. The 
retentate of the first having a sugar concentration of 

50* Brix is the feed to the second. The permeate 

• 

from the first having a sugar concentration of 18 
Brix and that of the second having a sugar con- 
centration Of 40* Brix are combined to form a 31 
Brix combined permeate which is recycled to the 
feed to the first high-rejection unit. 

The retentate from the second low-rejection 
unit having a sugar concentration of 63* Brix is 
mixed with the retentate from the ultrafilter to make 
a fully blended 54' Brix product having superior 
taste, that is comparable to the fresh juice feed. 


Claims 

1. A membrane process for preparing a con- 
centrated superior-tasting food juice comprising the 
steps of: 

(a) feeding a ciarined serum to a multi-stage 
reverve osmosis (RO) system, wherein the serum 
is fed at a trans-membrane pressure of 1000 psig 
or greater to the first stage of the system which 
compnses one or more RO units having high- 
rejection polyamide membranes in which the reten- 
tate of one unit is fed to the subsequent unit if 
there are more than one: and 

(b) feeding the retentate from the last of the 
high-rejection RO units at a trans-membrane pres- 
sure of 1000 psig or greater to the second stage 
which comprises one or more RO units having low- 
rejection membranes, wherein the retentate of each 
low-rejection RO unit Is fed to the subsequent unit 
if there are more than one and wherein all perme- 
ates from the second stage are ultimately recycled 
to the first stage. 

2. The process of claim 1 wherein the perme- 
ates from each unit in the second stage are fed to 
the feed side of the preceding RO unit. 

3. The process of claim 1 or 2 wherein the 
trans-membrane pressure in the first stage is 1 500 
psig and the trans-membrane pressure in the sec- 
ond stage is 2000 psig. 

4. The process of claim 1, 2 or 3 wherein the 
membrane in stage one is a hollow fiber aromatic 
polyamide membrane. 

5. The process of any one of claims 1 to .4 
further comprising feecing the permeate from the 
first stage to a polisher stage which comprises one 
or more RO urriis having high-rejection polyamide 
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membranes wherein the retentate from the polisher 
stage is recycled to the first stage. 

6. The process of any one of claims i to 5 
wherein there is nriore than one tow-rejection RO 

5 unit and the permeate from each is fed to a pre- 
ceding RO unit having a feed concentration that is 
essentially the same as that of the recycled perme- 
ate. 

7. A membrane process for preparing a con- 
10 centrated storage-stable supenor-tasting food juice 

comprising the following steps: 

(a) providing from a juice-bearing fruit or 
vegetable a juice suitable for ultrafiltration; 

(b) permeating said juice first through an 
IS ultrafiltration stage which stage is equipped with a 

porous membrane having a pore size larger than 
the size of desirable flavor and aroma components 
but smaller than undesirable microorganisms to 
form a permeate stream containing flavor and ar- 
20 oma components and a retentate stream containing 
undesirable microorganisms; 

(c) treating retentate from (b) above to inac- 
tivate a sufficient number of undesirable microor- 
ganisms to inhibit spoilage of juice under storage 

25 conditions; and 

(d) feeding permeate from (b)'to a multi 
stage reverve osmosis (RO) system, wherein the 
serum is fed at a trans-membrane pressure of 1000 
psig or greater to the first stage of the system 

30 which comprises RO units having high-rejection 
polyamide membranes in which the retentate of 
one unit is fed to the subsequent unit and the 
retentate from the last of the high-rejection RO 
units is fed at a trans-membrane pressure of 1000 

as psig or greater to the second stage which com- 
prises RO units having low-rejection membranes, 
wherein the retentate of each low-rejection RO unit 
is fed to the subsequent unit and wherein all per- 
meates from the second stage are ultimately re- 

40 cycled to the first stage: to produce a concentrated 
RO retentate which is combined with the treated 
retentate of step (c) to produce a storage-stable 
superior-tasting concentrated product. 

8. The process of claim 7 wherein the mem- 
45 brane in stage one of the RO system is a hollow 

fiber aromatic polyamide membrane. .* 

9. The process of claim 7 or 8 further compris- 
ing feeding the permeate from the first stage of the 
RO system to a polisher stage which comprises 

30 one or more RO units haying high-rejection 
polyamide membranes wherein the retentate from 
the polisher stage is recycled to the first stage. 

10. The process of claim 7. 8 or 9 wherein 
there is more than one low-rejection RO unit in the 

55 RO system and the permeate from each is fed to a 
preceding RO unit having a reed concentration chat 
is essenoally the same as that of the recycled 
permeate. 
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(£) Reverse osmosis concentration of juice products with improved flavor. 


© A.membrane process for producing an improved 
product quality comprising feeding a clarified serum 
at an elevated pressure to a oluraiity of rev erse 
osmosis units In two stag es -tne first having high- 
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rejection polyamics membranes and the second 
having low-rejection membranes, wherein the perme- 
ate from the low-rejection membranes is recycled to 
the high-rejection feed. 






Ha, - 




H R 


r T 

f 7 






, PS. 




3 


EP 0 404 390 A1 


4 


The UF permeate is fed to a reverse osmosis 
(RO) unit to concentrate the flavor and aroma com- 
ponents as a RO retentate. The RO retentate. free 
of most of the spoilage microorganisms which re- 
mained in the UF retentate, can be recombined s 
with the inactivated UF retentate to rnake a storage 
stable product, for example, a 50* Brix orange 
juice product capable of storage at about -4 ' C for 
at least 1 2 months without spoiling. 

Nevertheless, it has been found that flavor and to 
aroma losses still occur and the final product qual- 
ity is not so good as desired. This is now hypoth- 
esized as being due to two factors. It is felt that 
some flavor and aroma components are retained in 
the UF retentate even though the pore size (about ;5 
20.000 to 100.000 MWCO) theoretically should al- 
low all such components (molecular weight of 
about 30 to 155) to pass through. Additionally, it is 
felt that the product is adversely affected if the 
processing time for the UF retentate is too long 20 
even if the process time is at low temperatures. 

By using UF membranes sized to allow the 
flavor and aroma components to pass through as 
suggested in U.S.*902, a gel layer forms on the 
surface of the membrane reducing the effective 25 
pore size and resulting in retention of the smaller 
aroma and flavor components in the UF retentate. 
Also, the membranes tend to become plugged, 
particularly at high concentrations of soluble and 
insoluble components. As the membrane becomes . 30 
plugged, the processing time for the UF retentate 
increases and product quality declines. By using a 
tighter UF membrane, plugging can be minimized 
but flavor and aroma components may be retained 
in the- UF retentate instead of passing through into as 
the UF permeate as desired. 

Furthermore, some of the flavor and aroma 
components that are fed to the food juice RO 
concentrators taught in the art pass through into 
the RO permeate which is discarded. •'O 
• Our Patent Application EP-A-(AD-5776), filed 
on- the same date as the present application and 
incoroorated herein by reference, teaches an im- 
proved process for separating a clarified serum 
permeate containing flavor and aroma components ^ 
from a bottoms stream retentate containing spoil- 
age microorganisms. It employs a plurality of 
microfiltration/ultrafiltratlon stages, the first of which 
being equipped with a membrane having a pore 
size that retains spoilage microorganisms but that so 
is substantially larger than the flavor and aroma 
components. Pore sizes of subsequent ultrafilters 
are decreased in size. Fne aroma and flavor com- 
ponents as welt as the sugar, amino acids and the 
like in the combined UF permeate may be con- S5 
centrated using an RO system, and the RO reten- 
tate may be recombined with the UF retentate after 
Che UF retentate is treated to inactivate spoilage 


microorganisms. 

The RO system of U.S.'902 has further limita- 
tions since final concentration (ieqends on the op- 
erating pressure needed to overcome the osmotic 
pressure of the concentrated juice, the viscosity of 
the concentrate and fouling caused by pectin and 
other ingredients. Thus, a juice concentrate of 
about 25' to 30* Srix is typically produced. By 
employing membranes operable at higher pres- 
sures (1500 pounds per square inch gauge), a 
clarified orange juice, for example, can be con- 
centrated to about 42 ' Srix. 

U.S. Patent No. 3.617,550 discloses a process 
for concentrating a feed solution by forcing it 
through a series of high-rejection membranes, dis- 
carding or recycling the permeate and then further 
concentrating the retentate using a series of low- 
rejecuon membranes where the osmotic pressure 
of the retentate exceeds the working pressure of 
the iow-rejection membranes. Preferably, the per- 
meate from the low-rejection membranes is re- 
cycled to the feed to the high-rejection mem- 
branes. The process enables production of con- 
centrates having osmotic pressures of several thou- 
sand pounds per square inch gauge (psig), which 
is above the working pressure of the reverse osmo- 
sis membranes' taught. Orange juice concentrate, 
for example, with an osmotic pressure of three to 
four thousand psig would be about 60 to 65 Srix. 

Summary of Invention 

An improved process has been discovered for 
concentrating the clarified serum containing flavor 
and aroma components of a food juice. Preferably 
the serum is from a permeate from an ultrafilter 
used to separate clarified serum permeate from 
bottom solids retentate as taught in U.S. Patent No. 
4.643.902 or. more preferably, frgm the combined 
permeates from • a • plurality of 
mic'ofiitration/ultrafiltration (MF/UF) stages in series 
wherein a MF/UF retentate from any stage is fed to 
the subsequent stage and MF/UF permeates from 
alt stages are combined as taught in our co-pend- 
ing application (AD-5776). 

The process of this application comprises con- 
centration of the aroma and flavor components as 
well as the sugar, amino acids and the like by 
feecing a clarified serum at elevated pressure to a 
two-stage reverse osmosis (RO) system, the first 
stage employing high-reiection polyamide mem- 
branes and the second stage employing low-rejec- 
tion membranes, preferably polyamide membranes. 

/ The high-rejection stage may be comprised of 
a series of RO units in which the RO retentate from 
the any RO unit feeds the subsequent RO unit with 
the RO retentate of the last unit in the series 
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ter 7. 

Ultrafilter 7 is operated in the same manner as 
microfilter 2, the primary difference being that the 
pore size of porous membrane 8 is smaller than 
the pore size of porous membrane 3. Preferably, 
the pore size of porous membrane 8 has a molecu- 
lar weight cut-off (MWCO) of 20,000 to 200.000. 
The pressure is adjusted as necessary to cause a 
stream containing small molecules to pass through 
the membrane 8 into the permeate side 10 while 
retaining larger molecules on the retentate side 9. 
The permeate is combined with permeates from 
other MF/UF units for further processing if con- 
centration is desired. The retentate is either re- 
cycled to ultrafilter 7 for temperature control or fed 
to a pasteurizer or other inactivation means to 
effectively inactivate spoilage microorganisms and 
other undesired components collected in the con- 
centrated retentate. 

Rgure 1 shows the inactivation means as 
pasteurizer l2. which can be operated at about 
62 ' C for about 30 minutes or, preferably, at higher 
temperatures for shorter periods (85 VC for 15 to 20 
seconds) to sufficiently inactivate the undesired 
microorganisms. The microorganisms will be suffi- 
ciently inactivated with about a 98% to 99% kill. 
Temperatures and time needed for a 100% kill, are. 
more likely to abuse the product causing a 
-burned" flavor. 

The inactivated stream from pasteurizer 12 
should be cooled immediately after pasteurization 
in heat exchanger 13. preferably to less than 15 C. 
more preferably 8' to lO' C. It then may be mixed 
in mixing device 14 with the concentrated serum 
from the RO concentrating system of this invention 
to make a storage stable product that is for exam- 
pie, a so' 8rix orange juice product capable of 
storage at about -4*0 for at least 12 months with- 
out noticeable effect on juice quality, particularly 
upon reconstituting. 

The clarified serum, which is depicted as the 
combined UF penmeate from the 
microfiltration/ultrafiitration system but may be from 
' any known source, is fed to reverse osmosis (RO) 
feed tank 15 from which it is pumped with a 
pressure i ncreasing means Ps to a first stage of 
RO p ermeators. depicted tjv HRi. HR^ and HR3. 
equipped with hi gh-rejection membranes. Addition- 
al RO units may be employed if desired. 

The membranes used in these high-rejection 
RO units are membranes having a rejection of 
greater than 95%. preferably greater than 98% [as 
measured after one hour at 800 psig (5515 kPa), 
30% conversion (recovery), with a 30.000 part per 
million sodium chloride solution at 25 C]. The 
membranes preferaoiy are polyamides. more pref- 
erably aromatic polyamides. They may be the 
asymmetric type as cisclosed in U.S. Patent No. 
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3.557.632. which is incorporated herein by refer- 
•ence. which are totally aromatic in character. They 
may contain alicyclic residues such as those de- 
rived from cyc!ohexane-l.3.5-tricarbonyl chloride 
as employed in U.S. Patents No. 4.520.044 and No. 
4.643.829. which are incorporated herein by refer- 
ence. 

• The membranes funher are such that they can 
be operated at the trans-membrane pressures 
(pressure drop across the membrane) of this inven- 
tion. Preferably, they are of hollow-fiber construc- 
tion but other geometries or means allowing trans- 
membrane pressures of this invention may be used 
(for example, membrane may be formed on a 

substrate). <f fcf^-^ ■ 

The trans-membrane pressure ^ to HR» is ele- 
vated, that is. above about 1OQQ psig. preferably 
1 500 to 20Q?l^psiQ. more prefera bly 1500 osio. The 
feed temperature preferably is less than 15 C. 
more oref erabiv 8 ' to 1O C. 

The^et^tai^^^ ^'^^^^ reten- 
tate from HR2 feeds HR3 and the recentate from 
HR3 feeds the low-rejection stage of RO units (LRt 
and LRt). The Figure depicts an optional feed ta nk 
15 and pump Ps which can be u sed to increase the 
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pressure tolne low-rejection section if the high 
rejection stage is run at tower pressu re. .Preferably 
the low-rejection RO units are operated at elevated 
trans-membrane pressure, that is. above about 
1000 psig. preferabl y 1500 to g OOQ^^gslg,. jriore^ 
prereraoiy 2 000 psig.^ he feed temperature prefer- 
aoiy IS 'less than 15 C. more preferably 8' to 
10*0. 

rne membrane£ employed in the low-rejection 
stage may b e~of any RO membrane material 
known in the art. but preferably are the same 
material and geometr y as those used in the high- 
rejection stage. They have a lower rejection, that is 
higher salt passage as measured by the test de- 
scribed above, than the high-rejection membranes. 
Tne preferred lirnits are discussed below. Prefer- 
ably, the membranes are hollow fibe rs but other 
geometries or means allowing trans-membrane 
pressures of this invention may be used (for exam- 
cle, membrane may be formed on a substrate). 

The permeate from high-rejection RO units 
HRi, HR2 and HR3 are combined-'ifor further pro- 
cessing in a preferred polishing system depicted 
as polisher feed tank 17. pump P7. and polisher 
RO units PR. and PR^. The polishers permit recpv- 
ery of flavor and aroma components that may pass 
-Jirough' the high-rejection membranes. They may 
59 njn as depicted, that is. with the retentate or 
.=5Rt feeding PR? and the retentate of PRa being 
, .-ecycled to the high-rejection RO unit feed with the 
' combined permeates being discharged to waste 
water. Alternatively, the polishers may be operacea 
:n a manner that the permeate of PRt feeds PR? 
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rejection RO unit and the permeate, primarily wa- 
ter, is discarded. 

The RO retentate leaving the final high-rejec- 
tion RO unit Is fed at a trans-membrane pressure 
of 2QQQ asio to two low-rejection RO units in series, 
the first being equipped with a membrane having a 
93% salt passage and the second being equipped 
with a membrane having a 97% salt passage. The 
retentate of the first having a sugar concentration of 
50* 8rix is the feed to the second. The permeate 
from the first having a sugar concentration of 18* 
Srix and that of the second having a sugar con- 
centration or 40 ' Srix are combined to form a 31 * 
Brix combined permeate which is recycled to the 
feed to the first high-rejection unit. 

The retentate from the second low-rejection 
unit having a sugar concentration of 63* Brix is 
mixed with the retentate from the ultrafilter to make 
a fully blended 54* Brix product having superior 
taste, that is comparable to the fresh juice feed. 


Claims 

1. A membrane process for preparing a con- 
centrated superior-tasting food juice comprising the 
steps of: 

(a) feeding a clarified serum to a multi-stage 
reverve osmosis (RO) system, wherein the serum 
is fed at a trans-membrane pressure of 1000 psig 
or greater to the first stage of the system which 
compnses one or more RO units having high- 
rejection polyamide membranes in which the reten- 
tate of one unit is fed to the subsequent unit if 
there are more than one: and 

(b) feeding the retentate from the last of the 
high-rejection RO units at a trans-membrane pres- 
sure of toco psig or greater to the second stage 
which comprises one or more RO units having low- 
rejection membranes, wherein the retentate of each 
low-rejection RO unit is fed to the subsequent unit 
if there are more than one and wherein ait perme* 
ates from the second stage are ultimately recycled, 
to the first stage. 

2. The process of claim 1 wherein the perme- 
ates from each unit in xhe second stage are fed to 
the feed side of the preceding RO unit. 

3. Tne process of claim 1 or 2 wherein the 
trans-membrane pressure in the first stage Is 1500 
psig and the trans-membrane pressure in the sec- 
ond stage is 2000 psig. 

4. The process of claim 1 , 2 or 3 wherein the 
membrane in stage one is a hollow fiber aromatic 
polyamide membrane. 

5. The process of any one of claims 1 to .4 
further comprising feecing the permeate from the 
first stage to a polisher stage which comprises one 
or more RO units having high-rejection polyamide 


rriembranes wherein the retentate from the polisher 
stage is recycled to the first stage. 

6. The process of any one of claims l to 5 
wherein there is more than one low-rejection RO 

5 unit and the permeate from each is fed to a pre- 
ceding RO unit having a feed concentration that is 
essentially the same as that of the recycled perme- 
ate. 

7. A membrane process for preparing a con- 
JQ centrated storage-stable superror-tasting food juice 

comprising the following steps: 

(a) providing from a juice-bearing fruit or 
vegetable a juice suitable for ultrafiltration; 

(b) permeating said juice first through an. 
ts ultrafiltration stage which stage is equipped with a 

porous membrane having a pore size larger than 
the size of desirable flavor and aroma components 
but smaller than undesirable microorganisms to 
form a permeate stream containing flavor and ar- 
20 oma components and a retentate stream containing 
undesirable microorganisms: 

(c) treating retentate from (b) above to inac- 
tivate a sufficient number of undesirable .microor- 
ganisms to inhibit spoilage of juice under storage 

25 conditions; and 

(d) feeding permeate from (b) * to a multi 
stage reverve osmosis (RO) system, wherein the 
serum is fed at a trans-membrane pressure of lOOO 
psig or greater to the first stage of the system 

30 which comprises .RO units liaving high-rejection 
polyamide membranes in which the retentate of 
one unit is fed to the subsequent unit and the 
retentate from the last of the high-rejection RO 
units is fed at a trans-membrane pressure of 1000 

35 psig or greater to the second stage which com- 
prises RO units having low-rejection membranes, 
wherein the retentate of each low-rejection RO unit 
is fed to the subsequent unit and wherein all per- 
meates from the second stage are ultimately re- 

40 cycled to the first stage; to produce a concentrated 
RO retentate which is combined with the treated 
retentate of step (c) to produce a storage-stable 
superior-tasting concentrated product. 

a. The process of claim 7 wherein the mem- 

^ brane in stage one of the RO system is a hollow 
fiber aromatic polyamide membrane.-.* 

9. The process of claim 7 or 8 further compris- 
ing feeding the permeate from the first stage of the 
RO system to a polisher stage which comprises 

so one or more RO units having high-rejection 
polyamide membranes wherein, the retentate from 
the polisher stage is recycled to the first stage. 

10. The process of claim 7. 8 or 9 wherein 
there is more than one low-reiection RO unit in the 

55 RO system and the permeate from each is fed to a 
preceding RO unit having a feed concentration that 
is essentially th same as that of the recycled 
permeate. 
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